Background-Women have an unexplained worse outcome after myocardial infarction (MI) compared with men in many studies. Depressive symptoms predict adverse post-MI outcomes and are more prevalent among women than men. We examined whether depressive symptoms contribute to women's worse outcomes after MI. Methods and Results-In a prospective multicenter study (PREMIER), 2411 (807 women) MI patients were enrolled.
D espite recent advances in prevention, diagnosis, and treatment, coronary heart disease (CHD) claims the lives of more than half a million women every year in the United States. 1 Women are protected against coronary atherosclerosis compared with men until their later years of life. 2, 3 However, once they develop an acute myocardial infarction (MI), women have a higher mortality than men, a finding that is seen in several age strata with the exception of the oldest patients. 1, 4 In several 2, 5, 6 but not all 7, 8 studies, the worse outcome in women persists after adjusting for age, medical history, clinical severity, hospital treatment, and cardiac procedures. The reasons for the worse outcomes of women are poorly understood. Because the higher risk in women is not explained by conventional risk factors and treatments, alternative explanations must be sought.
The presence of depressive symptoms is independently associated with higher cardiac and all-cause mortality, rehospitalization, and worse functional status including angina and quality of life after MI. 9 -12 Women, especially younger women, are uniquely prone to depression in the peri-and post-MI period, with a prevalence of depression almost twice that of men. 13 Thus, it is possible that depressive symptoms may account for some of the excess risk observed in women recovering from a MI. To date, there has been no prospective study examining whether the higher prevalence of depressive symptoms among women contributes to observed sex disparities in survival and health status outcomes after MI. The purpose of this prospective study was to examine the extent to which depressive symptoms, assessed at the time of initial MI hospitalization, accounted for the higher rates of post-MI adverse outcomes in women.
Methods

Participants and Data Collection
Between January 2003 and June 2004, 2498 MI patients from 19 US hospitals participated in the Prospective Registry Evaluating Outcomes After Myocardial Iinfaction: Events and Recovery (PREMIER) study. The methodology of this study has been described previously. 14 Patients were aged Ն18 years and had a MI confirmed by elevated biomarkers of myocardial injury (troponin or creatine kinase MB fraction) and supporting evidence of a MI (eg, prolonged ischemic signs/symptoms, electrocardiographic ST changes). Eligible patients either presented directly to the enrolling institution or were transferred within the first 24 hours of symptoms. Incarcerated patients or those with elevated cardiac enzymes as a complication of elective coronary revascularization were not eligible. Of 10 911 patients screened for inclusion in PREMIER, 3953 patients were eligible and 2498 (63%) were enrolled into PREMIER. Few clinically significant differences between the total patients screened and those enrolled into PREMIER were observed. Patients consenting to enroll in PREMIER were younger and more often male and white. They were also more likely to have ST-elevation MI (STEMI) and prior angiography and percutaneous intervention. 14 As described previously, comprehensive data were collected from inpatient chart abstractions, baseline interviews administered by trained personnel within 24 to 72 hours of admission, and follow-up telephone interviews at 1 year after discharge by a centralized follow-up center. Patient interviews were completed at 1-year post-MI. We continued to obtain data on vital status. At the time of this analysis, 2-year vital status was available on all patients. The Institutional Review Board at each participating institution approved the study, and all patients provided informed consent.
Measurement of Depressive Symptoms
Depressive symptoms were assessed at the time of MI hospitalization (baseline interview) using the 9-question Primary Care Evaluation of Mental Disorders Brief Patient Health Questionnaire (PHQ). 15, 16 In the PHQ, patients indicate, for each of 9 depressive symptoms, whether the symptom has bothered them "not at all," "several days," "more than half the days," or "nearly every day" during the previous 2 weeks. Each PHQ question yields a score of 0 to 3 and the total score ranges from 0 to 27. Consistent with previous studies, 11, 17 we classified patients to have depressive symptoms if their PHQ score was Ն10 corresponding to a level of at least moderate depressive symptoms and representing the minimum number of symptoms required for the diagnosis of major depression. 18 The PHQ has a sensitivity of 88% and a specificity of 88% for major depression when a cutoff of Ն10 is used. 15, 16 Previous history of depression was defined as receiving medications or counseling for depression.
Outcome Variables
Outcome measures were (1) all-cause rehospitalization at 1 year, (2) presence of angina at 1 year, and (3) all-cause mortality at 2 years. In the follow-up interview of 1-year survivors, patients were queried whether they were readmitted to a hospital after their index MI admission, and if they were, to provide the hospitalization date. In addition, as a measure of health status, presence of angina was assessed at baseline and at the 1-year follow-up interview using the Seattle Angina Questionnaire (SAQ), which measures symptom burden over the preceding 4 weeks. 19 All SAQ domains have been validated and the SAQ predicts mortality and subsequent cardiac events in patients with CHD. 19, 20 Because the therapeutic goal is for post-MI patients to be free of angina and because of an extremely skewed distribution of 1-year SAQ angina frequency scores (80% of patients were angina-free at 1 year), we examined angina as a dichotomous variable (presence or absence of angina, as defined by SAQ score Ͻ100 and ϭ100, respectively, at 1 year). 11, 19 Lastly, vital status at 2 years after discharge was obtained from contacts with family members and the Social Security Death Master File.
Data Analysis
Depressive symptoms were examined both as a continuous variable (PHQ depression score) and as a dichotomous variable (presence of at least moderate depressive symptoms using the standard cutoff of PHQ Ն10). Bivariate analyses were conducted to examine the unadjusted association of demographic and clinical characteristics between men and women separately and also according to depressive symptoms status (PHQ Ն10) using t-tests for continuous variables and 2 or Fisher exact tests for categorical variables, as appropriate. Unadjusted rates of all-cause rehospitalization and all-cause mortality between men and women are reported as Kaplan-Meier estimates.
Time-to-event outcomes of 1-year rehospitalization and 2-year mortality were modeled using multivariable shared frailty proportional hazards regression, which accounts for clustering within site. These models include a frailty parameter for each hospital that describes unexplained heterogeneity in survival rates across the hospitals. The proportional hazards assumption was tested for each model and verified using Schoenfeld residuals. For the dichotomous outcome of presence of angina, we used multivariable hierarchical logistic regression models, which accounted for variation within site.
To assess the independent effect of sex on outcomes, multivariable modeling was conducted in several sequential steps: (1) sex, (2) addition of age, and (3) fully adjusted multivariable model. Covariates in multivariable models included traditional CHD prognostic variables that are known to influence CHD outcome and/or covariates that differed significantly by sex on a bivariate basis (PϽ0.05). These covariates in the fully adjusted multivariable models were patient demographics (age, race), medical history (congestive heart failure, diabetes, hypertension, lung disease, smoking, previous history of CHD), and type of MI (STEMI versus non-ST-Elevation MI [NSTEMI]). In the multivariable model of 1-year angina, patients' baseline angina frequency, as a continuous variable, was also included as a covariate. As a final step for all models, we added PHQ depression score. The extent to which adjustment for the PHQ depression score attenuated the corresponding coefficient for sex toward 1 (no effect) was used as a measure of the degree to which depressive symptoms attenuate the observed differences in outcome between men and women. Logistic regression model fit and discrimination were assessed using the Hosmer and Lemeshow goodnessof-fit test and the c statistic, respectively.
We conducted 3 sets of secondary analyses. First, because the degree of depressive symptoms may be influenced by antidepressants and previous history of depression, we adjusted for antidepressant use at baseline and previous history of depression as sensitivity analyses. Second, as another sensitivity analysis, because education, marital status, left ventricular ejection fraction, and MI quality of care may differ according to sex and depressive symptoms, we adjusted for marital status, education, left ventricular ejection fraction, and coronary artery bypass grafting, percutaneous intervention, or cardiac catheterization received during hospitalization, percent of quality indicators received as defined by the Centers for Medicare and Medicaid Services and the Joint Commission on Accreditation of Healthcare Organizations 21, 22 and number of quality indicators patients were eligible for. Third, we also examined depressive symptoms' effect on each outcome using the methods and covariates described above stratified by sex. Additionally, we tested a first-level interaction term between sex and depressive symptoms for each outcome. None of the interactions were significant.
Finally, we evaluated potential bias from missing 1-year outcome data due to patients who were lost to follow-up or refused the 1-year interview. The study sample of 2411 patients all had 2-year mortality data; 2318 (96%) had rehospitalization data and 1957 (81%) had 1-year angina data. In the overall sample including these patients (but excluding patients who were deceased or too ill to be interview at 1-year follow-up) we calculated a propensity score of having a missing 1-year interview using logistic regression. Predictor variables used in the propensity score analysis that were not included in the Table were economic burden, living at home, ischemic symptoms on arrival, shock, pulmonary embolism, history of cocaine and alcohol abuse, physical function, taking part in decision making, instructions received by patient on whom to call for emergency/any questions, lipid evaluation, cardiac rehabilitation, and length of stay in hospital. The propensity score was the probability of a person with given characteristics having a missing 1-year interview. Predictor variables included variables in the Table. The reciprocal of this score was then used as a weight in the analyses, resulting in higher weight given to observations from patients that are similar to those with missing outcome data. All tests for statistical significance were 2-tailed with an ␣ level of 0.05. All analyses were conducted using SAS software, release 9.1 (SAS Institute, Cary, NC) and R version 2.1.1. 23 The authors had full access to the data and take responsibility for its integrity. All authors have read and agree to the manuscript as written.
Results
Study Population
Of the 2498 patients enrolled in the PREMIER registry, 17 did not survive the index hospitalization and were excluded from the analysis. In addition, 70 patients were excluded from the 2 Veterans Health Administration hospital sites because all but 1 of the patients enrolled from these hospitals were men. Thus, 2411 patients (807 women) were included in these analyses. There were substantial differences in baseline characteristics between women and men (Table) . Compared with men, women were older, had lower household income, and were more often black (all PϽ0.001). Women were less likely than men to be married, to have completed high school, or to be employed. Compared with men, women also had more comorbid conditions, including diabetes, hypertension, congestive heart failure, and chronic lung disease, but were less likely to have STEMI, prior coronary artery bypass graft, and percutaneous intervention. There was no association between sex and left ventricular ejection fraction, and in-hospital events such as atrial fibrillation, reinfarction, or congestive heart failure. Women had lower rates of coronary revascularization and received a lower percentage of eligible qualityof-care indicators compared to men.
Presence of depressive symptoms, as defined by a PHQ score Ն10, was common: 22.3% of the patients had depressive symptoms. The prevalence of depressive symptoms was higher in women compared with men (29% versus 18.8%, PϽ0.001). Examination of depressive symptoms as a continuous variable (mean PHQ scores) by sex demonstrated that women had significantly higher PHQ scores (6.8Ϯ5.8 versus 5.2Ϯ5.3; tϭ6.68; PϽ0.001), indicating more depressive symptoms (Table) . The sex differences in patient characteristics, comorbid conditions, clinical severity of MI, and in-hospital events were similar among those with and without depressive symptoms (data not shown).
Only 19% of patients with depressive symptoms were discharged on antidepressants. Women with depressive symptoms were more likely to be discharged on antidepressants compared with men with depressive symptoms (24.8% versus 14.8%; Pϭ0.015). Women also tended to have more often than men a previous history of depression (32.2% versus 23.7% for women and men with depressive symptoms, respectively; Pϭ0.06).
Association Between Sex and Outcomes
During the 1-year follow-up, 297 women and 526 men were rehospitalized. The rehospitalization rate was significantly higher in women than in men (43% versus 38%; unadjusted hazard ratio [HR], 1.18; 95% CI, 1.02 to 1.36). After adjusting for age, women continued to experience a significantly higher hazard for rehospitalization compared to men (age-adjusted HR, 1.19; 95% CI, 1.03 to 1.38) (Figure 1 ). After adjusting for patient demographics including age, medical history, and severity of MI, women had a 20% higher hazard for rehospitalization (adjusted HR, 1.20; 95% CI, 1.04 to 1.40). With further adjustment for depressive symptoms, sex was no longer significantly associated with rehospitalization, with an absolute risk reduction of 6% following the addition of depressive symptoms to the model (adjusted HR, 1.14; 95% CI, 0.98 to 1.34) (Figure 2) .
During the follow-up, 120 women and 140 men died. Women had a higher mortality rate compared with men (15.0% versus 8.8%; HR, 1.74; 95% CI, 1.36 to 2.22). The difference decreased after age adjustment (HR, 1.42; 95% CI, 1.11 to 1.83). After further adjusting for race, medical history, and severity of MI as above, the sex difference in mortality diminished further (HR, 1.27; 95% CI, 0.98 to 1.64) ( Figures  1 and 2 ). When depressive symptoms were added to the model, the magnitude of the HR remained practically unchanged (adjusted HR, 1.24; 95% CI, 0.95 to 1.62) (Figure 2) .
Although in unadjusted analysis there was no significant difference in angina at 1 year between women and men (22.4% versus 18.6%; odds ratio [OR], 1.26; 95% CI, 0.98 to 1.63), after adjustment for age, the sex difference became significant, with women having a 38% higher odds of angina compared to men (OR, 1.38; 95% CI, 1.06 to 1.79). There was a 6% absolute risk reduction in angina after adjustment for patient demographics, medical history, and severity of MI; women continued to experience significantly higher odds of angina (OR, 1.32; 95% CI, 1.00 to 1.75). With further adjustment for depressive symptoms, however, there was a 10% absolute risk reduction, and sex was no longer significantly associated with the presence of angina at 1 year (OR, 1.22; 95% CI, 0.91 to 1.63) (Figure 2) .
All results remained unchanged after adding antidepressant use at discharge and previous history of depression to the model. In addition, all results remained unchanged after adjusting for marital status, education, left ventricular ejection fraction, revascularization (coronary artery bypass grafting, percutaneous intervention), coronary catheterization, and Joint Commission on Accreditation of Healthcare Organizations/Centers for Medicare and Medicaid Services quality of care for MI. The results of logistic regression analyses using propensity scores were also similar to the primary analyses, suggesting no observable bias due to patients lost to follow-up.
In the population as whole, depressive symptoms (per point increase in PHQ score) were significantly associated with mortality (crude and adjusted HRs, 1.04 and 1.02, respectively), rehospitalization (crude and adjusted HRs, 1.03 and 1.02, respectively), and angina (crude and adjusted OR 1.09 and 1.05, respectively) (all PϽ0.05). In additional analyses, we stratified by sex and examined the interaction between sex and depressive symptoms for each study outcome. Depressive symptoms were significantly and similarly associated with each of the study outcomes in both men and women. The adjusted HRs for mortality for women and men were 1.01 and 1.04, respectively (per PHQ score point increase), and for rehospitalization, they were 1.03 and 1.02, respectively (all PϽ0.05). For presence of angina, the corresponding adjusted ORs were 1.04 and 1.05 (all PϽ0.05) for women and men, respectively. There was no significant interaction between sex and depressive symptoms for any of the outcomes, confirming that the associations were of similar magnitude according to sex.
Discussion
In this prospective study of post-MI patients, depressive symptoms modestly accounted for women's worse outcome after MI. Consistent with previous studies, women had a higher risk of adverse outcomes post-MI, especially rehospitalization and angina. Women also had a higher prevalence of depressive symptoms post-MI compared with men. 13, 24 Depressive symptoms predicted worse outcomes in a similar magnitude in men and women, over and above that of other prognostic factors. However, after adjusting for age, patient demographics, comorbidities, severity of MI, and quality of care, depressive symptoms only modestly accounted for the remaining higher risk in post-MI women for rehospitalization and angina compared with men. They accounted for 6% higher risk of rehospitalization and 10% higher risk of angina in women compared with men, respectively. There was no attenuation of mortality risk following adjustment of depressive symptoms because most of the sex difference in mortality was already accounted for by age, patient comorbidities, demographic characteristics, and MI clinical severity indicators.
Comparison With Previous Studies
The results of our study expand previous literature in several important ways. First, despite the intense research focus on MI in women in the past 10 to 15 years, the vulnerability of women toward adverse outcomes after MI remains only partially explained by age, CHD risk factors, and clinical characteristics. 5 Whether depressive symptoms play a role in the worse outcomes of women was never specifically addressed before, despite the fact that depressive symptoms are independent risk factors for outcomes after MI and are present in nearly 1 in 3 post-MI women. In the only study with information on this subject, a secondary analysis of 283 women and 613 men pooled from 2 separate studies, the relationship between sex and outcome was less marked after controlling for depression for all of the cardiac end points. 24 However, the only outcome variable for which there was a significant sex difference (MI recurrences) remained significant after taking depression into account, suggesting that at least in that study, depression did not account for sex differences in prognosis. Consistent with this previous information and using a prospective national MI registry, we found that after adjusting for a comprehensive set of covariates such as patient demographics, comorbidities, clinical severity of MI, and quality of care, depressive symptoms modestly affected women's worse outcomes after MI. Second, depressive symptoms contributed Ϸ10% higher absolute risk of angina in women, after adjusting for clinical and quality-of-care factors. Although this effect may not seem large, angina symptoms affect women's survival rates, functional status, quality of life, and health-related costs. 25, 26 Thus, this modest contribution of depressive symptoms to women's angina may be clinically important. Third, previous studies have rarely stratified effects of depression on outcomes in MI patients by sex, perhaps due to the small number of women included in several of these studies. In the only study addressing this question, 24 depression was found to be a significant independent predictor of 1-year cardiac mortality in both women and men hospitalized with MI, with a similar magnitude of effect by sex. Our study demonstrates that depressive symptoms at the time of hospitalization for MI predict outcomes in men and women in a similar fashion. Taken together, our study results suggest that after MI, depressive symptoms are more commonly present in women; they predict adverse outcomes in both men and women, and drive some of the higher rate of unfavorable outcomes in women post-MI.
Clinical Implications
Depressive symptoms are common, adversely affect prognosis, and can be effectively recognized and treated in cardiac patients. [27] [28] [29] However, the recognition and treatment of depressive symptoms in real-world MI practice appear dismal despite the recent emphasis on depression screening and treatment. 1, 30 In our study, consistent with the previous literature, 31 only a small fraction of depressed patients (19%) were discharged on antidepressants. Although there is a critical need to determine whether treatment of depression can reduce adverse outcomes after MI, data from clinical trials are limited. The only large trial to examine this question to date, the Enhancing Recovery in Coronary Heart Disease (ENRICHD) study, did not demonstrate a benefit on mortality and reinfarction by using cognitive-behavioral therapy in post-MI depressed patients. 29 Current data indicate that selective serotonin reuptake inhibitor antidepressants are safe in patients with CHD. [27] [28] [29] Although recognition and treatment of depression in cardiac patients is advocated, 30 improving depression and cardiac outcomes is still debated 32 and needs evaluation of novel approaches.
Study Limitations
Some issues should be considered in the interpretation of this study. First, instead of obtaining a clinical diagnosis of major depression, we measured depressive symptoms because PHQ administration is a more feasible strategy in a setting of an acute MI than a structured clinical interview for major depression. We chose to use a PHQ cutoff of 10 to define the presence of at least moderate depressive symptoms in our study, consistent with previous literature on depression in CHD patients. 11, 17 Although evaluation of depression in the setting of an acute event has limitations, previous studies have shown that depressive symptoms without a clinical diagnosis of major depression, either transient, persistent or new after MI are independently associated with worse outcomes. 10 Second, the end point of rehospitalization and angina was by self-report, and we were not able to independently adjudicate the cause of death or of rehospitalization. Although this could theoretically lead to bias in the data collection through incomplete or inaccurate patient recall, this bias is more likely to affect studies in which the link between depressive symptoms and functional status is assessed crosssectionally. In our study, we focused on the impact of depressive symptoms on prospective longitudinal changes in outcomes and we took into account the baseline level of reported angina in the analysis. In addition, our employment of centrally trained interviewers and the use of standardized interviews should minimize the impact of this potential bias. Furthermore, angina assessed through self-report does not necessarily indicate an ischemic event. However, angina was assessed by using the Seattle Angina Questionnaire which has been validated in CHD patients. 19, 20 In addition, subjective symptoms, part of the quality-of-life construct, are an important outcome to consider. We were able to capture a comprehensive range of outcomes post-MI, including death, presence of angina, and rehospitalization, and include a diverse, prospectively collected national sample, which increases generalizability. Third, rehospitalization data were available only on patients who survived to the follow-up interview, and results may be biased because of censoring of rehospitalization at date of death if a death occurred before rehospitalization or because of inaccuracy in patient recall. Fourth, our sample size was not large enough to allow age stratification. Future studies should specifically examine the impact of depressive symptoms on the outcome of younger women with MI, a group characterized by remarkably higher prevalence of depressive symptoms 13 and higher mortality rates compared with men. 4, 5 Finally, because this is an observational study, unmeasured confounding is always a potential limitation. Nonetheless, a wide array of known variables was available for risk adjustment, and we are not aware of any important unmeasured confounders that could affect our results.
Conclusions
Women have a higher prevalence of depressive symptoms after MI compared with men. However, a higher prevalence of depressive symptoms in women after MI only modestly contributes to their worse outcomes compared with men. Other demographic and clinical factors explain most of the sex differences in these outcomes, particularly mortality. Depressive symptoms, nonetheless, predict adverse outcomes in both men and women after MI, with a similar magnitude of effect. Thus, our results support the recent recommendations of improving recognition of depressive symptoms after MI in both men and women.
